This paper describes objective technical results and analysis. Any subijective views or opinions that mightlbelexpressed}in|
the paper do not necessarily represent the views of the U.S. Department of Energy or the United States'Government.

SAND2022-12645C

Sandia
National
Laboratories

Focused lon Beam Implantation
from eV to MeV Energies

Michael Titze

@ENERGY NISH

.
Smem e I dsabn

09/20/2022

Sandia National Laboratories is a
multimission laboratory managed
and operated by National Technology
& Engineering Solutions of Sandia,
LLC, a wholly owned subsidiary of
Honeywell International Inc., for the
U.S. Department of Energy’s National
Nuclear Security Administration under
contract DE-NA0003525.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering [SolutionsfofiSandia,|LLC, alwhollylowned!
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administrationfundercontract DE-NA0003525.



DL;iIding720
ION BEAM LABORATORY

I
Sandia’'s lon Beam Laboratory (IBL) m

7 Operational Accelerators and >25 end-stations
(including in-situ DLTS, PL, TEM, SEM, 1200°C heating, etc...)

Operational
(1) 6 MV Tandem Accelerator

(2) 3 MV Pelletron Accelerator

(3) 1 MV Tandem Accelerator

(4) 350 kV HVEE Implanter

(5) 100 kV ExB FIB nanolmplanter
(6) 35 kV ExB FIB Raith Velion

(7) 35 kV Zeiss HelM

Installing
(8) 35 kV Plasma FIB
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3 ‘ Liquid Metal Alloy lon Sources - Available lons
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Scalable Implantation

N. Wan et al., Nature, 583, 226 (2020)
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+ 1 Low Energy Implantation - Motivation

- 2D materials are attractive material class
for CMOS-integrable quantum optics

- Deterministic placement of impurity-type
emitters is challenging

- Stopping in single atomic layer
- Minimize damage to surrounding lattice
- Introduce non-native atom

Normalized intensity (a.u.)
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N. Mendelson et al., Adv. M. Titze et al.,
Mater., 34, 2106046 (2022) Nano Lett. (2022)

At low energy chromatic
abberations become more
prominent
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Range Measurements towards Ultra-Low Energy Implantation

- Indicates that 100s of eV will be
sufficient to target single atomic

layers

- Can do (at cost of spot size) with

~15 eV energy spread
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